





































Brain system for motor control and motor learning through trial-and-error
Takashi Yamaguchi,
HSAFE, Grad Sch Sci Eng, Yamagata Univ
（平成21年11月20日受理）
Abstract
Even though physiological and anatomical studies on animals and humans have accumulated a large amount 
of knowledge about the brain system, the basic conceptual frame that unifies various types of motor control 
from lower vertebrates to humans is stil equivocal. Here, at first, I briefly summarize neuronal function of 
the brain for control of posture and movement, including the spinal cord, the pontobulbar region, the 
cerebelum, the midbrain, the basal ganglia, and the cerebral cortex. Secondly, I atempt to construct a basic 
frame to understand motor control as wel as motor learning on the basis of trial-and-eror, and consider the 
cerebelum and the basal ganglia as trial-and-eror machines. Finaly, I consider motor skil learning in 
humans, and discuss the knack discovered during repetitive trial-and-eror learning under the proposed 
working frame.
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Fig. 1.　Motor control system in the brain. Upper 
panel: relative positions of representative 
structures. Lower panel: hierarchical brain 
networks (blue) with various sensory input 
(yelow) and motor output (pink). 








































































































































































































































































































































































































































Fig. 2.　Schema of trial-and-error learning. Motor 
program for an action evoked by a trigger 
could be an innate, specific neuronal pathway, 
or prepared by route selection through versatile 
network. To obtain good performance a result 
after an action have to be fed back to evaluate 
the error, which readjusts motor program for 
the next action through a controler. 
Duplicated circles indicate that the feedback 
signal is not provided real time, but obtained 














































































Fig. 3.　Cerebelar network as a trial-and-error 
learning machine. Flexion reflex is evoked by 
stimulation of flexion reflex aferent. The 
controler (blue box) adjust motor program (red 
box) to avoid the noxious source purposefuly. 
Abbreviations: FRA, flexor reflex aferent; FR, 
flexion reflex; SBS, spino-bulbo-spinal reflex; 













































































Fig. 4.　Basal ganglia network as a trial-and-error 
learning machine. A, for ascending system. B, 
for descending system. Abbreviations: ACx, 
association cortex; MCx, motor cortex; BGGL, 
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